INTRODUCTION {#sec1-1}
============

Gastroschisis (GS) is a congenital defect of the anterior abdominal wall through which abdominal contents protrude without a covering amniotic sac \[[Figure 1](#F1){ref-type="fig"}\]. In the Western world, the incidence is rising; one in 2000-4000 live births.\[[@ref1][@ref2]\] Management involves resuscitation, cardiorespiratory support, initial bowel coverage then reduction of viscera. The latter can be achieved by primary or staged closure. Clinical practice varies widely in Europe and North America, but mortality is low.\[[@ref3][@ref4][@ref5]\] Many infants with GS have a degree of intestinal dysmotility that delays enteral feeding, hence the requirement for parental nutrition (PN) support.\[[@ref5]\]

![Infant with gastroschisis demonstrating abdominal wall defect to the right of the umbilical cord without a covering sac](AJPS-12-1-g001){#F1}

Compared to many other parts of the world, there is a paucity of epidemiological and outcome studies regarding GS originating from Sub-Saharan Africa (SSA). Such data would help estimate burden of disease and aid health service prioritisation. Where data are available, the mortality is high; 33-100%.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] We aimed to investigate the epidemiology, management practice patterns and outcome of GS in low-income countries (LIC) in SSA and compare them with middle- (MIC) and high-income countries (HIC) across the world.

MATERIALS AND METHODS {#sec1-2}
=====================

A 10-question survey was administered to delegates at the 9^th^ biennial Pan-African Paediatric Surgery Association conference in Cape Town in March 2012. Respondents provided details of their grade, hospital, country of practice, catchment area and number of paediatric surgeons at their institution. Questions focused on GS frequency, antenatal care, referral patterns, management, access to PN and intensive care and estimated mortality \[[Table 1](#T1){ref-type="table"}\]. Finally, the questionnaire included a box for comments.

###### 

Survey questions

  ---------------------------------------------------------------------------------------------
  Approximately, what proportion of women undergo antenatal screening in your catchment area?
  None □ 0-25% □ 25-50% □ 50-75% □ 75-100% □ All □
  Are babies diagnosed with GS routinely delivered early?
  No □ Yes, 37-40 weeks gestation □ Yes, \<37 weeks gestation □
  Approximate number of patients with GS referred/admitted to your centre each year?
  Approximately, what proportion are referred from outside your centre?
  \<25% □ 25-75% □ \>75% □
  What is your primary management for patients with GS?
   PC (custom silo if necessary) in the theatre □
   PC (custom silo if necessary) at the cot side □
   Staged reduction with custom silo and closure □
   Staged reduction with preformed silo and closure in theatre □
   Staged reduction with preformed silo and closure at the cot side □
   Anaesthesia used: None □ None Local □ General □
  Do you use PFS? Yes □ No □
   If yes, how often do you use? All patients primarily □ Some patients □ Rarely use □
   If no, what is the reason?
   Not available □
   Too expensive □
   No experience/training in the use of preformed silo □
   Bad experience in the past □
   Not convinced the preformed silo is better □
   Objection from another team member (e.g. neonatologists) □
   Choose not to use □
   Other, please specify
  Would you consider using PFS in the future? Yes □ No □
  Do you have access to parenteral nutrition? Yes □ No □
   Average time to start enteral feeding (days)
   Average time to full enteral feeds (days)
  Do you have a neonatal intensive care facility? Yes □ No □
  How would you estimate your mortality rate for patients with GS?
  \<25% □ 25-50% □ 50-75% □ 75-100% □
  ---------------------------------------------------------------------------------------------

GS: Gastroschisis; PC: Primary closure; PFS: Preformed silos

Eighty-two delegates from 28 countries (66 institutions) responded and were divided into LIC (*n* = 11), MIC (*n* = 6) and HIC (*n* = 11) \[[Table 2](#T2){ref-type="table"}\] according to World Bank criteria.\[[@ref13]\] Of the 66 institutions, 25 were from LIC (33 delegates), 15 MIC (21 delegates) and 26 HIC (28 delegates).

###### 

Paediatric surgery service provision and incidence of GS in low and middle and high-income countries

  Country type   Countries included                                                                                                        Catchment area per institution (population in millions)   Number of paediatric surgeons at institution   Number of cases of GS/institution/year
  -------------- ------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------- ----------------------------------------
  LIC            Cameroon, Cote d'Ivoire, Ethiopia, Ghana, Kenya, Madagascar, Malawi, Nigeria, Tanzania, Zambia, Zimbabwe                  10.0 (1-21)                                               3 (0-12)                                       22 (1-184)
  MIC            Albania, Egypt, Lithuania, South Africa, Turkey, Ukraine                                                                  4.8 (0.5-1.0)                                             6 (2-20)                                       12 (3-23)
  HIC            Australia, Austria, Canada, Germany, Israel, Netherlands, Saudi Arabia, Slovenia, United Kingdom, United States America   2.6 (0.5-5)                                               7 (0-20)                                       15 (1-100)

LIC: Low-income countries; MIC: Middle-income countries; HIC: High-income countries; GS: Gastroschisis

Results were analysed per institution, except answers to management and estimated mortality questions, which could vary between surgeons at the same institution and were analysed per delegate. Results are presented as median (range). Differences between countries were analysed using contingency tests. *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Of 82 respondents, 51 (62%) were senior surgeons, 21 (25%) were registrars/middle grade, 3 (4%) were house officers/senior house officers and 7 (9%) were not documented.

Low-income countries had fewer paediatric surgeons per institution than MIC and HIC and larger catchment areas \[[Table 2](#T2){ref-type="table"}\]. LIC reported 22 cases (1-184) GS/institution/year, compared to 12 cases (3-23)/institution/year in MICs and 15 cases (1-100)/institution/year in HICs \[[Table 2](#T2){ref-type="table"}\].

Sixty-four percent (*n* = 16) institutions from LICs reported that fewer than 25% women have access to antenatal care compared to 96% (*n* = 25) institutions from HICs with over 75% women having access to this care \[*P* \< 0.0001, [Table 3](#T3){ref-type="table"}\].

###### 

Provision of antenatal care in low-, middle- and high-income countries

  Country type   Percentage of women receiving antenatal care (number of institutions)                     
  -------------- ----------------------------------------------------------------------- -------- -------- ---------
  LIC            64 (16)                                                                 16 (4)   12 (3)   8 (2)
  MIC            60 (9)                                                                  7 (1)    0        33 (5)
  HIC            0                                                                       0        4 (1)    96 (25)

LIC: Low-income countries; MIC: Middle-income countries; HIC: High-income countries

Seventy-five percent (*n* = 18) institutions in LICs stated neonates antenatally diagnosed with GS are allowed to proceed to term, 17% (*n* = 4) said they are delivered between 37 and 40 weeks and 8% (*n* = 2) \<37 weeks. 50% (*n* = 13) HIC institutions stated these cases are not delivered early, 35% (*n* = 9) between 37 and 40 weeks and 15% (*n* = 4) \<37 weeks.

In LICs, 58% (*n* = 14) institutions stated over 75% of patients are referred from outside of their centre compared to 27% (*n* = 7) admitting over 75% of outborn infants in HICs \[[Table 4](#T4){ref-type="table"}\].

###### 

Percentage of outborn patients with GS

  Country type   Percentage of patients referred from outside the hospital (number of institutions)            
  -------------- ------------------------------------------------------------------------------------ -------- ---------
  LIC            21 (5)                                                                               21 (5)   58 (14)
  MIC            13 (2)                                                                               47 (7)   40 (6)
  HIC            46 (12)                                                                              27 (7)   27 (7)

LIC: Low-income countries; MIC: Middle-income countries; HIC: High-income countries; GS: Gastroschisis

Primary closure (PC) in theatre as the preferred management method was of similar proportions in all three groups at 58% (*n* = 19), 57% (*n* = 12) and 54% (*n* = 15) for LICs, MICs and HICs, respectively. PC at the cot side was 12% (*n* = 4) in LICs, 10% (*n* = 2) MICs and 21% (*n* = 6) in HICs. Staged closure was typically undertaken by custom silo construction in LICs (45% \[n = 15\]) with limited use of the preformed silos (PFS) (12% \[n = 4\]). By contrast, 39% (*n* = 11) delegates in HICs used PFS as their primary management method and only 11% (*n* = 3) custom silos \[[Figure 2](#F2){ref-type="fig"}\]. General anaesthesia is utilised for closure at similar rates in LIC, MIC and HIC at 63% (*n* = 17), 79% (*n* = 15) and 68% (*n* = 17), respectively. However, local anaesthesia is used more frequently in LIC at 26% (*n* = 7) compared to MIC and HIC at 5% (*n* = 1) and 4% (*n* = 1), respectively \[[Table 5](#T5){ref-type="table"}\].

![Primary management choice for gastroschisis in low, middle and high-income countries](AJPS-12-1-g002){#F2}

###### 

Anaesthesia used for closure

  Country type   Anaesthesia used for closure                      
  -------------- ------------------------------ -------- --------- --------
  LIC            3 (11)                         7 (26)   17 (63)   0
  MIC            2 (11)                         1 (5)    15 (79)   1 (5)
  HIC            3 (12)                         1 (4)    17 (68)   4 (16)

LIC: Low-income countries; MIC: Middle-income countries; HIC: High-income countries

In HIC, 74% (*n* = 20) delegates stated they used PFS (10 on all neonates, 8 on just some and 2 rarely) compared to 62% (*n* = 13; 9 on all neonates, 3 on some, 1 rarely) in MIC and 9% (*n* = 3; 2 on all neonates, 1 rarely) in LIC. 85% (*n* = 28) LIC delegates stated PFS were not available, 30% (*n* = 10) too expensive and 9% (*n* = 3) had no experience using them. 94% (*n* = 31) LIC delegates would consider using PFS in the future.

Only 19% (*n* = 5) LIC institutions had access to PN compared to 93% (*n* = 14) and 100% (*n* = 26) in MIC and HIC, respectively. The time to start enteral feeds was similar; 10 (2-28), 14 (1-21), and 9 days (0-23) in LIC, MIC and HIC, respectively. However, LIC delegates reported a shorter duration to full enteral feeds at 14 days (4-42) compared to 21 (2-35) and 25 days (8-42) in MIC and HIC, respectively. Only 36% (*n* = 9) LIC institutions had access to neonatal intensive care compared to 93% (*n* = 14) and 100% (*n* = 26) in MIC and HIC, respectively.

Sixty-one percent (*n* = 20) LIC delegates stated that mortality from GS in their centres is over 75% and a further 33% (*n* = 11) stated it is 50-75%. This compares to all delegates in HIC stating a mortality rate of under 25% \[*P* \< 0.0001, [Figure 3](#F3){ref-type="fig"}\].

![Mortality rates from gastroschisis in low, middle and high-income countries](AJPS-12-1-g003){#F3}

Comments from LIC delegates included the following:

Patients come late and die of sepsis and malnutrition (Accra, Nairobi, Mahajanga)No antenatal diagnosis, no PFS, no PN, no ventilators and sometimes no anaesthesia (Accra, Lilongwe, Dar es Salaam)There is a need for PFS in developing countries. Availability could significantly improve outcome (Nigeria)We are keen to try PFS (Dar es Salaam)Because of high mortality rate, parents are discouraged from spending on care for these patients (Nigeria)Due to high mortality, only one surgeon is prepared to attempt operative management. The others institute palliative care (Lusaka, Zambia).

Comments from MIC included:

We have begun to attempt closure with no anaesthesia in a few cases (East Cape Province, South Africa)Although I use silo bags primarily, not all cases should be managed with a silo, "one shoe does not fit all" (Johannesburg, South Africa).

Comments from HIC included:

Preformed silos should be used selectively as they are not problem free - complications can be disastrous with bowel ischaemia and volvulus (Oxford, UK).

DISCUSSION {#sec1-4}
==========

This study confirms that GS is encountered on a regular basis by paediatric surgeons in SSA. The data is an estimate by surgeons and does not represent a true incidence. Nevertheless, it is important as GS is considered a disease seen only in the Western world by some specialists in SSA. Others have chosen to ignore it as a result of high mortality. The high mortality should be put firmly in historical context. It is advances in foetal medicine, intensive care and PN that have resulted in the fall of mortality rates from GS in the Western World from 60% in the 1960s to 4% more recently.\[[@ref5]\]

Respondents from LIC in SSA reported that the majority of cases are referred from outside their institution. Sekabira and Hadley previously reported that 91% of cases were born outside their tertiary centre in Durban and travelled long distances with resultant hypothermia, dehydration, sepsis and bowel necrosis.\[[@ref6]\] This correlates with comments by LIC delegates. The lack of access to antenatal care and diagnosis in SSA contributes to this problem. Abdur-Rahman *et al*. noted that despite antenatal ultrasound being available in Ilorin, Nigeria, prenatal diagnosis remained poor with only 1 of the 7 GS cases in their study being detected.\[[@ref12]\]

Eight percent of LIC delegates stated that prenatally diagnosed cases of GS are delivered prematurely. It is unclear whether this is natural or secondary to medical intervention. Elective preterm delivery has been advocated to reduce bowel exposure to potentially irritant amniotic fluid.\[[@ref14][@ref15]\] However, several studies, including a randomised controlled trial and a Cochrane review, have demonstrated that prematurity does not confer survival or functional advantages in infants with GS.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] Indeed, in the context of scarce neonatal support facilities, premature delivery would almost certainly be disadvantageous.

Primary closure rates were reported as similar across the countries. Whenever PC is not feasible, delegates reported the majority of staged closure in LIC is undertaken using custom silos; PFS are unavailable or unaffordable. We have shown that staged closure using PFS reduces the risk of abdominal compartment syndrome and pulmonary barotrauma and improves early renal function.\[[@ref21][@ref22]\] A recent meta-analysis confirmed that in selected patients, PFS use was associated with a reduction in ventilator days, time to first feed, and infection rates, however in a wider population, the results compared to PC were mixed.\[[@ref23]\] The use of PFS in LICs has potential advantages; allowing appropriate resuscitation of the sick infant after transfer in and the possibility of avoiding theatre altogether.

Lack of PN and neonatal intensive care facilities is a problem in SSA, with reported availability of only 19% and 36%, respectively. Agugua reported an improvement in GS survival from 35% to 65% following the introduction of PN alongside other adjunctive measures at their institution in Nigeria.\[[@ref11]\]

It could be argued that local, national government and global health funding could be better spent elsewhere, rather than on a relatively uncommon congenital anomaly like GS. However, GS is potentially curable with disability-free long term survival achievable in the majority in the well-resourced setting.\[[@ref5]\] If this is considered in terms of disability-adjusted life years (DALYs) (DALYs = years of life lost + years lived with disability),\[[@ref24]\] the potentially avertable DALYs would be high, making the case for enhanced paediatric surgery capacity. The same would hold for a number of other congenital anomalies,\[[@ref24][@ref25]\] but GS is unique in terms of the rising worldwide incidence and the potential curability.

We propose the implementation of combined epidemiological research, service delivery training and resource provision projects to help improve our understanding of GS in SSA whilst attempting to improve outcome. These could be focused on tertiary centres highlighted as having a high number of cases initially. Partner teams managing cases of GS would receive training in the optimal management of such patients with a focus on primary resuscitation. A recent systematic review reported that resuscitation training in developing countries is commonly well received, viewed as valuable by local partners and can significantly reduce mortality.\[[@ref26]\] López-Herce *et al*. noted that for such training to be sustainable, local staff must be trained as instructors to promote long-term educational independence.\[[@ref27]\] In addition to resuscitation, training for PFS application may be valuable. We have previously described the use of an inexpensive, easy to construct model for this purpose.\[[@ref28]\]

The use of PN in SSA has been controversial given the cost implications. Only 19% of LIC surgeons had access to PN compared with 100% of those in HIC. We consider it an essential part of the package designed to improve outcomes from GS with the added benefit of venous access and other associated skills that would grow to support the practice; this would have benefits for other infants in the units that adopt it. Now that GS is more widely recognised by professionals across SSA, our expectation is that over time, the outcome of GS in SSA will improve as has been the case in other parts of the world.

CONCLUSION {#sec1-5}
==========

Gastroschisis is a congenital anomaly encountered by surgeons across SSA. There is limited access to key resources for the antenatal diagnosis, referral and management. This results in higher mortality rates when compared to MICs and HICs. Further research is required to define and raise awareness of the extent of the problem and calculate related DALYs. We propose this is undertaken as part of a multi-centre project aimed at improving outcome of GS through the use of training and key resource provision.
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